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compound. Thus, a hydrogenated conjugated diene pol- 
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produced using a small amount of a catalyst. 



CM 



Q. 

LU 



Printed by Jouve, 75001 PARIS (FR) 



BNSDOCIO <EP I * 



EP 1 454 924 A1 



Description 

Technical Field 



5 [0001] This invention relates to a process for hydrogenating a conjugated diene polymer, a hydrogenatiori , catalyst 
system used for hydrogenation of a conjugated diene polymer, and a basic conjugated d.ene polymer composrt.on. 

Background Art 

10 r0002] Processes for hydrogenating carbon-carbon double bonds of a conjugated diene polymer to produce a highly 
saturated poLer are known Various homogeneous catatysts and heterogeneous catalysts have been proposed for 
ufe " ttse hydrogenation processes (for example, see Japanese Unexamined Patent ^PubHcahon [here.nafter ab- 
bLiatedto-JP-A^No.S58-17103,JP-AS59-117501,JP-AS61-247706andJP^S62-42937). 
?000 3 r^ these hydrogenation catalysts, those which contain a platinum group meta. represented by palladium o 
1 S medium are popu.any used because they exhibit a high activity for hydrogenation of camon-camorv ^teton** 
a potymer chain and the hydrogenation can be achieved wrth a high hydrogenation percentage and a h^lec*v,ty 
For example, a catalyst comprised of palladium or rhodium supported on a earner . used ,n an .ndustr al scale for 
hydrogenation of an acrylonitrile-butadiene copolymer, which is one kind of the conjugated d.ene polymer. 
[0004? However, production of platinum group metals such as palladium and rtiod,um ,s (muted, and these metals 
20 are scarce and expensive. Therefore, it is eagerly desired to reduce the amount of the plat.num group metals used, 
^e" to more enhance the catalytic activity from a viewpoint of cost reduction and conservation of nf-al = rces. 
More specifically it is requested for enhancing the efficiency in the above-mentioned hydrogenat.cn of an acrylonrtnte- 
butadiene copolymer in an industrial scale. ^^r^ 
[0005] Various methods have been proposed for the preparation of the platinum group metal catalysts. For example^ 
25 n the case of a supported pa.ladium catalyst, a process is generally adopted wherein a pa.lad.um compound I capable 
of being converted to metallic palladium is dissolved in an appropriate solvent such as water or 
obtained solution is sprayed onto an appropriately selected carrier or the carrier is d.pped .n the so.utK,n and then the 
earner* dried the pa»adium compound supported on the dried carrier is converted to ox.de or hydrox.de by a treatment 
with an aqueous solution of sodium hydroxide or sodium metasi.icate. and final* the oxide or hydroxy »r tra eted wrth 
so a reducing agent such as hydrazine or hydrogen to be thereby reduced into metall.c palladium. Altemahvehy the pal- 
ladtum compound supported on the dried carrier is treated with the reducing agent wrthout the pre-treatment for con- 

ra006] n Tmttionenove, most conventional processes for the preparation of a supported platinum group metal 
catalyst -mprise many complicated steps such as dissolution of a raw materia, for the ^iS^J^ 
35 solution on a carrier by spraying or dipping, drying or burning of the solution-appl.ed earner, and reduct.on of ox.de or 

hydr^ 

upon the particular conditions adopted for the preparation of catalyst. hlrta „, amothn ri 
[0007] To enhance the efficiency of hydrogenation, a method using a homogeneous palladium cata^t and I am*hod 
educ ng a palladium compound in a hydrogenation reaction system have been exam.ned. For examp ^'^ydrcjen- 
ation process using a palladium salt of a carboxylic acid as a catafyst has been proposed .n JP-A S59 -1 11 1 7501 where.n 
the catalyst is reduced with hydrogen in a solution of a conjugated diene polymer and subsequently hydrogenahon .s 
carrS S A SSalyst system forhydrogenation of a conjugated diene potymer, a P^^.^SJJ^ 
system, and a process for hydrogenating the conjugated diene polymer have been proposed m JP ^^988^ wh.ch 
catalvs system comprises a polymer complex comprised of a hydrogenation catalyst such as a pallad.um compound 
and a" piTpo^er such as^for example, a nitrile group-containing potymer. Homogeneous pa.lad.um 
proposed in the patent publications have a problem In that a step of recovering the catalyst after completion of the 

?0008] e Tp°roi an acrylonitrile-butadiene copolymer has been proposed in JP-A H2-1 96803 

wherein the copolymer is hydrogenated in a solvent in the presence of a catalyst system prepared by react.ng a hy- 
drogen catejst such a V s a palladium catatyst with one or more specific meta, compounds -^l*™^ 
an aluminum compound. However, this composite metal type catalyst system does not exh.brt suff.c.entV h,gh acfvty 
for hydrogenation. 
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Disclosure of the Invention 



[0009] in view of the foregoing state of prior art and the problems involved there.n an object of the present ^venhon 
is to provide a process for hydrogenating a conjugated diene polymer wherein the hydrogenat.on ,s effected w.th an 
enhanced efficiency and industrially advantageously with a reduced amount of a plat.num group metal catalyst. 
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[001 0] Another object of the present invention is to provide a catalyst system used for hydrogenation of a conjugated 
diene polymer, which can be easily prepared and has a markedly enhanced activity for hydrogenation as compared 
with hitherto proposed hydrogenation catalysts. 

[0011] A further object of the present invention is to provide a conjugated diene polymer from which an objective 
hydrogenated polymer can be produced with a high efficiency at an enhanced rate of hydrogenation reaction. 
[0012] To achieve the above-mentioned objects, the present inventors made extensive researches on relationship 
of hydrogenation reaction conditions with catalytic activity, and further relationships of the procedures and conditions 
for preparing a hydrogenation catalyst and the procedures using the catalyst, with catalytic activity, in a process for 
hydrogenating a conjugated diene polymer using a catalyst comprising a platinum group metal or its compound. As 
the result, it was found that, in the case when the catalytic hydrogenation reaction is carried out in the presence of a 
basic compound, the hydrogenation reaction proceeds rapidly with a high selectivity, and further that a catalyst system 
comprising a combination of a platinum group metal or its compound as a catalyst with a basic compound exhibits a 
high catalytic activity for hydrogenation reaction, especially, a catalyst system comprising a combination of a platinum 
group metal compound as a catalyst with a basic compound exhibits a high catalytic activity for hydrogenation reaction 
even when the catalyst system is used without pre-reduction treatment for hydrogenation of a conjugated diene polymer. 
Further it was found that the hydrogenation reaction proceeds more rapidly and an objective hydrogenated polymer is 
produced with a very high efficiency in the case when a conjugated diene polymer composition prepared by contacting 
a crumb obtained by coagulating a conjugated diene polymer as produced in a polymerization step with an aqueous 
solution of a basic compound is used. 

[0013] Thus, in one aspect of the present invention, there is provided a process for hydrogenating a conjugated 
diene polymer characterized in that a conjugated diene polymer is hydrogenated in the presence of a catalyst com- 
prising a platinum group metal or its compound, and a basic compound. 

[0014] The above-mentioned hydrogenation process can be carried out preferably by (i) a procedure wherein a 
conjugated diene polymer is hydrogenated in a reaction system prepared by incorporating the catalyst and the basic 
compound, in a solution or latex of the conjugated diene polymer; (ii) a procedure wherein a conjugated diene polymer 
is hydrogenated in a reaction system prepared by incorporating a catalyst system comprising a combination of the 
catalyst with the basic compound, in a solution or latex of the conjugated diene polymer; or (iii) a procedure wherein 
a conjugated diene polymer is hydrogenated in a reaction system prepared by incorporating the catalyst in a solution 
of a composition comprising the conjugated diene polymer and the basic compound. 

[0015] In another aspect of the present invention, there is provided a catalyst system for hydrogenation of a conju- 
gated diene polymer comprising a combination of a platinum group metal or its compound with a basic compound, 
which is used preferably in the above-mentioned procedure (ii). 

[0016] In a further aspect of the present invention, there is provided a conjugated diene polymer composition com- 
prising a conjugated diene polymer and a basic compound, characterized in that a solution of the composition in tet- 
rahydrofuran has a pH value of larger than 7.0, which is used preferably in the above-mentioned procedure (iii). 

Best Mode for Carrying Out the Invention 

[0017] The process for hydrogenating a conjugated diene polymer, the hydrogenation catalyst and the conjugated 
diene polymer composition according to the present invention will be described in detail. 

Conjugated Diene Polymer 

[001 8] The conjugated diene polymer to be hydrogenated by the process of the present invention is a polymer com- 
prising conjugated diene monomer units as structural units, and includes a homopofymer and copolymers of a conju- 
gated diene monomer, and natural rubber. The conjugated diene polymer generally comprises 1 0 to 1 00% by weight, 
preferably 1 0 to 90% by weight, of conjugated diene monomer units and 90 to 0% by weight, preferably 90 to 1 0% by 
weight, of units of other copolymerizable monomer. 

[0019] The conjugated diene monomer is not particularly limited, and : as specific examples thereof, there can be 
mentioned 1 ,3-butadiene, 2-methyl-1 ,3-butadiene (i.e., isoprene), 2,3-dimethyM ,3-butadiene, 2-chloro-1 ,3-butadiene 
and 1 ,3-pentadiene. Of these, 1 ,3-butadiene and 2-methyM ,3-butadiene are preferable. 1 ,3-butadiene is especially 
preferable. These conjugated diene monomers may be used either alone or as a combination of at least two thereof. 
[0020] The monomer copolymerizable with the conjugated diene monomer also is not particularly limited, and, as 
specific examples thereof, there can be mentioned ct,0-ethylenically unsaturated nitriles such as acrylonitrile, meth- 
acrylonitrile, crotononitrile and vinylidene cyanide; a,p-ethylenically unsaturated carboxylic acids such as acrylic acid, 
methacrylic acid, crotonic acid, fumaric acid, maleic acid and itaconic acid; a,p-ethylenically unsaturated carboxylic 
acid esters such as methyl acrylate, n-butyl acrylate, 2-ethyihexyl acrylate, trifluoroethyl acrylate, methyl methacrylate 
and methyl crotonate; a,0-ethylenically unsaturated carboxylic acid amides such as acrylamide and.methacryJamide;- 
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vinyl aromatic compounds such as styrene, a-methylstyrene, divinylbenzene and vinylpyridine; v.nyl alcohol precursor 
esters such as vinyl acetate and vinyl propionate; and vinyl ether compounds such as fluoroethyl v.nyl ether. 
[00211 Of these, a.B-ethylenically unsaturated nitrites, a,B-ethylenically unsaturated carboxylic acids and a.B-ethyl- 
enically unsaturated carboxylic acid esters are preferable. a,B-ethylenically unsaturated nitriles are espeaally prefer- 
able. These monomers copolymerizable with the conjugated diene monomer may be used either alone or as a com- 
bination of at least two thereof. „^ m „„ti„n 0 H 
[00221 As specific examples of the conjugated diene polymer used in the present mvention, there can be mentioned 
polybutadiene. polyisoprene, a butadiene-acrylonitrile copolymer, a butadiene-methacrylonitrile copolymer, an .so- 
pVene-acrylonitrile copolymer, an isoprene-methacrylonitrile copolymer, an isoprene-butadiene-acrylonrtnle copolymer, 
an isoprene-butadiene-methacrylonitrile copolymer, a butadiene-methyl acrylate-acrylonitrile copolymer, a butad.ene- 
acrylic acid-acrylonitrile copolymer, a butadiene-styrene copolymer and an isoprene-styrene copolymer 
[00231 Of these, conjugated diene-a,B-ethylenically unsaturated nitrile copolymers represented by a butad.ene-acry- 
lonrtrile copolymer, a butadiene-methacrylonitrile copolymer, an isoprene-acrylonitrile copolymer and an .soprene-buta- 
diene-acrylonitrile copolymer are preferable. 

[00241 Theconjugateddienepolymerfurtherincludesnaturalnjbberasapreferablepolymer,inadd.tiontotheabove- 
mentioned synthetic polymers. In the case when natural rubber is used, it may be subjected to a pre-treatment such 
as for example, a de-protein treatment prior to the hydrogenation treatment. 

[00251 The molecular weight of conjugated diene polymer is not particularly limited, but the weight average molecular 
weight thereof as measured by gel permeation chromatography and expressed in terms of that of standard polystyrene 

20 is usually in the range of 5,000 to 500,000. k^,:.^,,^ 
[00261 No limitation is imposed to the process by which the above-mentioned conjugated d.ene polymer is produced. 
The conventional emulsion polymerization process, solution polymerization process and bulk polymer.zat.on process 
can be adopted. Of these, emulsion polymerization process and solution polymerization process are preferable. Emul- 
sion polymerization process is especially preferable. 

25 [00271 The emulsion polymerization process may becarried out by any of batchwise. sem.-batchw.se and continuous 
polymerization procedures. The polymerization temperature and pressure are not particularly l.mrted. 
[00281 The conventional polymerization initiator and molecular weight modifier can be used. As specific examples 
of the polymerization initiator, there can be mentioned hydroperoxides such as benzoyl peroxide, t-butyl-hydroperox.de, 
diisopropylbenzene hydroperoxide and cumene hydroperoxide; and aliphatic azo compounds such as azobis.sobuty- 

30 ronitrile and 2 2'-azobis(2,4-dimethylvaleronitrile). As specifce examples of the molecular weight modifier, there can 
be mentioned mercapto group-containing molecular weight modifiers such as t-octyl mercaptan, n-dodecyl I mercaptan 
and t-dodecyl mercaptan; alkyl halides such as dichloromethane, dibromomethane and carbon tetrachlonde; alcohols 
such as methanol and ethanol; and a-methylstyrene dimmer. Of these, mercapto group-containing molecular weight 
modifiers are preferable. .... 

35 [00291 No limitation is imposed to the emulsifier used for polymerization, and, anionic surfactants, catiomc sur- 
factants amphoteric surfactants and nonionic surfactants can be used. Of these, anionic surfactants are preferable. 
[00301 The polymerization reaction is terminated usually by adding a conventional polymerization stopper. The po- 
lymerization conversion is not particularly limited and can be appropriately chosen, but, from a viewpoint of efficiency 
for polymer production, a high polymerization conversion is preferable. The polymerization convers.on is usually at 

40 least 70% and preferably at least 80%. . . 

[00311 After completion of polymerization, conjugated diene monomer and other monomers remaining unreacted in 
the polymerization system are preferably removed by the conventional procedure. The monomers removed from the 
polymerization system can be purified for reuse as a raw material for polymerization. 

[00321 In the case when the conjugated diene polymer is produced by an emulsion polymerization process or a 
45 solution polymerization process, the polymerization liquid is coagulated by a method ordinarily industrially adopted to 
recover a solid polymer, and the recovered solid polymer is preferably dissolved in a solvent and subjected to a hy- 
drogenation step in a solution state. 

[00331 The solvent used for the preparation of recovered polymer is not particularty limited provided that it does not 
give any adverse effect on a hydrogenation catalyst and it is capable of dissolving the polymer. As specific examples 
so of the solvent, there can be mentioned chain aliphatic hydrocarbons and cyclic aliphatic hydrocarbons, such as n- 
hexane cyclohexane and n-heptane; aromatic hydrocarbons such as benzene, toluene, xylene and chlorobenzene; 
ketones uch as acetone, methyl ethyl ketone, diethyl ketone, methyl isopropyl ketone, 2-pentanone, 3-pentanone, 
cyclopentanone and cyclohexanone; ethers such as diethyl ether tetrahydrofuran, dioxane and an.sole; and esters 
such as ethyl acetate. Of these, ketones are preferable. 
55 [0034] The polymer as obtained by an emulsion or solution polymerization process can be subjected, as rt is without 
recovering from a polymerization liquid, to hydrogenation step. This procedure can be adopted advantageously for the 
hydrogenation of polymer obtained by an emulsion polymerization process. Namely, an emulsion polymenzat.cn liqu.d 
(which liquid is hereinafter referredto as"latex") can be advantageously hydrogenated in a continuous manner without 
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subjecting to an after-treatment such as coagulation or recovery. 

[0035] The concentration of polymer in the polymer solution or latex is not particularly limited, but is usually in the 
range of 1 to 70% by weight, preferably 2 to 50% by weight and more preferably 3 to 40% by weight, based on the 
total weight of the solution or latex. When the concentration of polymer is too high, the viscosity of polymer liquid is 
too large to efficiently stir at a hydrogenation step. In contrast, when the concentration of polymer is too low, the pro- 
duction efficiency of hydrogenated polymer is low. 

Hydrogenation Process 

[0036] The hydrogenation process of the present invention is chaharacterized in that a conjugated diene polymer is 
hydrogenated in the presence of a catalyst comprising a platinum group metal or its compound, and a basic compound. 
By the phrase "in the presence of a catalyst comprising a platinum group metaJ or its compound, and a basic compound" , 
we mean the state in which the catalyst and a basic compound are present in a hydrogenation reaction system in a 
manner such that both of the catalyst and the basic compound are capable of being contacted with the conjugated 
diene polymer 

(Hydrogenation Catalyst) 

[0037] The hydrogenation catalyst includes platinum group metals such as ruthenium, rhodium, palladium, osmium, 
iridium and platinum, and compounds containing these platinum group metals. Of these, palladium and rhodium, and 
palladium- or rhodium-containing compounds are preferable. Palladium and palladium-containing compounds are es- 
pecially preferable. The hydrogenation catalysts may be used either alone or as a combination of at least two kinds 
thereof. In the case when at least two kinds of hydrogenation catalysts are used, the active ingredients thereof are 
preferably mainly comprised of platinum. 

[0038] The palladium compounds include compounds of palladium having a valency of II or IV, which are in the form 
of, for example, a salt, a complex or a complex salt. As specific examples of the palladium compounds, there can be 
mentioned organic acid salts such as palladium acetate and palladium cyanate; halides such as palladium fluoride, 
palladium chloride, palladium fluoride and palladium iodide; oxo-acid salts such as palladium nitrate and palladium 
sulfate; palladium oxide; palladium hydroxide; and complexes and complex salts such as dichlorocyclooctadienepal- 
ladium, dichloronorbornadiene-palladium, tetrakisacetonitrilepalladium tetrafuoroborate, tetrakisbenzonitrilepalladium 
di-tetrafuoroborate, dichlorobisacetonitrilepalladium, dichlorobisethylenediamine-palladium, bisacetylacetonatopalla- 
dium, tris-triphenylphosphineacetonitrilepalladium tetrafuoroborate, dichlorobistriethylphosphinepalladium, dichloro- 
bis-(dimethylsulfide)palladium, dibenzoylsulfidepalladium, bis(2,2'-bipyridine)palladium perchlorate and tetrakis-(pyri- 
dine)palladium dichloride. 

[0039] As these palladium compounds, commercially available palladium compounds may be used. These palladium 
compounds can be prepared by the methods as described in Shin Jikken-kagaku Koza (New Lectures of Experimental 
Chemistry), volumes 8 and 1 2, published by Maruzen Co., Japan, 1 976; and Chemistry and Application of Noble Metals, 
published by Kodansha Scientific Co., 1984. 

[0040] As specific examples of the rhodium compounds, there can be mentioned halides such as rhodium chloride, 
rhodium bromide and rhodium iodide; inorganic acid salts such as rhodium nitrate and rhodium sulfate; organic acid 
salts such as rhodium acetate, rhodium formate, rhodium propionate, rhodium butyrate, rhodium valerate and rhodium 
naphthenate; rhodium oxide, rhodium trihydroxide; and complex compounds such as dichloro-bis(triphenylphosphine) 
rhodium, trichlorotris-pyridinerhodium, tetrarhodium dodecacarbonyl, dirhodium octacarbonyl, hexarhodium hexade- 
carbonyl, rhodium dicarbonylacetylacetonate, rhodium carbonyl(1-phenylbutane-1,3-dion), tris(hexane-2,4-dion) rho- 
dium, tris(heptane-2,4-dion)rhodium, trls(1-phenylbutane-1,3-dion)rhodium, tris(3-methylpentane-2,4-dion)rhodium 
and tris(1 -cyclohexylbutane-1 ,3-dion)rhodium. 

[0041] Hydrogenation catalysts are used usually as a heterogeneous catalyst, i,e, as a supported catalyst, which is 
supported on a conventional catalyst carrier such as active carbon, activated clay, alumina gel, silica gel and diatom- 
aceous earth. The amount of the supported catalytically active metal ingredient is usually in the range of 0.5 to 80% 
by weight, preferably 1 to 50% by weight and more preferably 2 to 30% by weight, based on the weight of carrier. 
[0042] The catalytically active metal ingredient can be supported on the carrier by conventional methods such as, 
for example, a dipping method, a coating method, a spraying method, an adsorption method and a precipitation method. 
The support on which the catalytically active metal ingredient has been supported can be molded into an appropriate 
shape such as, for example, spherical, columnar, polyhedral and honeycomb shapes, which shape varies depending 
upon the particular kind of reactor and type of reaction. 

[0043] The catalyst may also be used as a homogeneous catalyst, i.e., a non-supported catalyst. 
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(Basic Compound) 



r00441 The basic compound used in the present invention is not particularly limited, and includes, for example alkal. 
me^ compounds: alJne earth metal compounds, ammonia, ammonium salt compounds and organ, amme com- 
pounds Of these alkali metal compound and alkaline earth metal compounds are preferable. 
ra0451 Al spSic examples of the alkali metal compound, there can be mentioned hydroxides such as lithium hy- 
droxtoe ZS^ZSari Potassium hydroxide; carbonate salts such as sodium carbonate and potassium 
to^MaZ^ate sa«s P such as sodium hydrogencarbonate potassium hydrogencar^ 
a«mhium oxide ootassium oxide and sodium oxide; fatty acid salts such as potassium acetate and sodium acetate, 
^oxides lithium ethoxide, sodium methoxide, sodium ethoxide and potassium t-butox,de; 

an ^ pSrnoxWes such as sodium phenoxide and potassioum phenoxide. Of these, hydroxys, camonate satts and 
hldrogen^onate salts of alkali metals are preferable. Hydroxides of alkali metals are espec.al* preferable 
roS As soacific examples of the alkaline earth metal compound, there can be ment.oned hydrox.des, carbonate 
^J^SSS^U. oxides, fatty acid salts compounds, a.koxides and I phenoxid « * J^^*^ 
Of these hydroxides, carbonate salts and hydrogencarbonate salts of alkalme earth metals are preferable. Hydroxys 

l^T As^^^^ compound, there can be mentioned ammonium carbonate and 

Z^^Z^ole. The organic amine compound includes aliphatic, alicyciic and -o-atic mono -and 
oZm inTcompounds, and, as specific examples thereof, there can be mentioned triethylam.ne, ^ano.am ne, mor- 
oh£e N-meThylmorpholine, pyridine, hexamethylenediamine, dodecamethylenediam.ne and xylylened.am.ne^ 
«££!' These Compounds may be used erther as they are, or as a solution or dispersion ,n water or an organ-c 
solvent Thev may also be used either alone or as a combination of at least two thereof. 

r 0 0491 Trfe pToLs for hydrogenating a conjugated diene polymer in the presence of the ^^ oned J^ r 
Lenation cafa^nd the basic compound includes, for example, (1) a process wherein a conjugated d.ene < polym e 
?s ny^ge^ed in a reaction system prepared by incorporating the catalyst and the bas.c ^^^^S 
latex of the conjugated diene polymer (hereinafter referred to as "first hydrogenat.on process"); (2) a P roc ess where.n 
! con£ gated °d ene polymer is hydrogenated in a reaction system prepared by incorporate a catal yst ^ com- 
Pri^ing a combination o" the catalyst with the basic compound, in a solution or latex of the conjugated d ene po*me 
^hereinafter referred to as "second hydrogenation process"); and (3) a process where.n ^ n ^ atGd f ene n ^" 
s h^roinated^n a reaction system prepared by incorporating the catalyst in a solution of a compos.t.on compns ng 
!^S3^«^Sn»r and the' basic compound (hereinafter referred to as "third hydrogenation process"), .f 
desired, these three processes may be adopted in combination. 
[0050] The above-mentioned three processes will be described in turn. 

(First Hydrogenation Process) 

1-0051] in the first hydrogenation process, a catalytic hydrogenation reaction is carried out under bas to j conditions 
E! I > 7) e in he presence of a basic comoound in an amount sufficient for a hydrogenation reaction hqu.d to exh brt 
fasicfJVn thiTreaction system, preferably a so.ution having the conjugated diene polymer dissolved there.n, or a iatex 

tons Ire not parttoularty limited provided that the P H value of the hydrogenation reaction system as mw*ilV> 
^ZZ^ai.piuJs is larger than 7. The P H value of the hydrogenation reaction system is usually m the range 

S5Kt?« 'when a solution of polymer in an organic solved 
Is the hylgenation reaction liquid, 6 g of a po V mer is dteso.ved in 1 00 g of an organic ^"^^JJ^ 
solution White the polymer solution is stirred, 2 ml of distilled water is dropwise added, and, when two ^ nul ^^ 
thTras^ment is conducted, in the case when a latex of polymer is used, the measurement ,s conducted on the 

mSST Thememod for preparing the basic hydrogenation reaction liquid is not particular* limited and includes for 
S.e (5 a mthod wherein a basic compound is added at a step of dissoMng a polymer in - ^^P"^ 
poZer so ution; (ii) a method wherein a basic compound is added after a potymer so.ut.on «V^]^"£Z£ 
m aTydrogenation reaction apparatus, but before the commencement of hydrogenat.on react.on; and^O - metnoa 
wherein a basic compound is added to a reaction liquid after the commencement of hydrogenat.on react.on. 

(Second Hydrogenation Process) 

[0055J in the second hydrogenation process, the hydrogenation of a conjugated diene polymer is carried out in a 
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reaction system prepared by incorporating a catalyst system comprising a combination of a catalyst comprising a 
platinum group metal or its compound (hereinafter referred to as "catalytically active ingredient 1 ' when appropriate) with 
a basic compound, in a solution or latex of the conjugated diene polymer. 

[0056] The platinum group metal or its compound and the basic compound, as used herein, are as mentioned above. 
Among the platinum group metal compounds, palladium compounds and rhodium compounds are preferable. Organic 
acid salts such as acetate satts and cyanides; halides such as chlorides, bromides and iodides; oxo-acid salts such 
as nitrates and sulfates; and oxides are especially preferable. Palladium acetate, palladium chloride, palladium nitrate 
and palladium sulfate are especially preferable. The basic compounds as used herein are the same as mentioned 
above. Preferable basic compounds are selected from alkali metal compounds and alkaline earth metal compounds. 
[0057] The combination of a catalyst comprising a platinum group metal or its compound with a basic compound, as 
used herein, means a combination of a catalytically active ingredient, i.e., a platinum group metal or its compound, 
with a basic compound having a function of enhancing the catalytic activity, wherein the catalytically active ingredient 
and the basic compound have been contacted with each other. The contact of the catalytically active ingredient with 
the basic compound can be conducted usually at a step of preparing the catalyst in a catalyst-preparing vessel, or at 
a step of hydrogenating a conjugated diene polymer in a hydrogenation reaction vessel. The contact of the two com- 
ponents is conducted usually by way of a solvent or carrier for catalyst preparation, or a liquid medium such as hydro- 
genation reaction medium or solid support for hydrogenation of polymer. 

[0058] A combination of a platinum group compound of non-reduced state or Its compound with a basic compound 
can be used as a hydrogenation catalyst system. By the term "non-reduced state" as used herein, we mean that a 
reducing treatment using a reducing agent for converting the metal compound into metal at a catalyst-preparing step 
has not been conducted. When this catalyst system is introduced into a hydrogenation reaction system for hydrogen- 
ating a conjugated diene polymer, the catalytically active ingredient is reduced with hydrogen and with an optionally 
used other reducing agent to thereby exhibit a high catalytic activity. 

[0059] The hydrogenation catalyst system comprising a platinum group metal or its compound, combined with a 
basic compound, and the hydrogenation catalyst system comprising a platinum group metal compound of non-reduced 
state, combined with a basic compound will be specifically described. 

[0060] The catalytically active ingredient combined with a basic compound can be supported on a carrier for use as 
a heterogeneous catalyst (non-supported catalyst). The carrier can be appropriately selected from those which are 
conventionally used as catalyst carrier, such as hydroxides, silicates, aluminates and oxides of various metals; carbon; 
active clay; diatomaceous earth; and zeolites. 

[0061] Among the carriers, a basic carrier is preferably used. In the case when a basic carrier is used, (i) the baste 
carrier can be comprised of the basic compound used in combination with the catalytically active ingredient (namely, 
the basic carrier can be used as the basic compound itself to be used in combination with the catalytically active 
ingredient), or (ii) the basic carrier can be used in combination with other basic compound used in combination with 
the catalytically active ingredient for promoting or keeping the activity of said other basic compound. In the case of 
using the basic carrier as the basic compound in combination with the catalytically active agent in (i) above, when an 
aqueous solution of a palladium compound is prepared for supporting the palladium compound on the basic carrier, 
an acidic substance used for promoting the dissolution of the palladium compound in water must be used in a minimum 
required amount so that the basic carrier is not neutralized. 

[0062] No limitation is imposed to the basic carrier provided that the basic carrier has a function sufficient for sup- 
porting a palladium compound and exhibits basicity. As specific examples of the basic carrier, there can be mentioned 
magnesium hydroxide, calcium hydroxide, barium hydroxide, basic aluminum hydroxide, magnesium oxide, yttrium 
oxide, magnesium silicate, calcium silicate and sodium aluminate. 

[0063] The manner in which the combination of a catalytically active ingredient with a basic compound is supported 
on a carrier is not particularly limited. Usually, first, (A) a solution of the catalytically active ingredient, preferably an 
aqueous solution thereof, and (B) a slurry of the carrier suspended in a solvent preferably water, are prepared; and 
the basic compound is incorporated in at least one of the solution (A) and the slurry (B), preferably in the solution (A). 
Then the solution (A) and the slurry (B) are mixed thoroughly whereby the carrier is impregnated with the catalytically 
active ingredient. The mixed liquid of (A) and (B) must have a pH value of larger than 7. The pH value is usually in the 
range of 7.2 to 13, preferably 7.5 to 12.5 and more preferably 8.0 to 12. 

[0064] The preparation of the above-mentioned solution (A) is preferably carried out by using an acidic substance 
for promoting the dissolution of the catalytically active ingredient. Such acidic substance includes, for example, hydro- 
chloric acid, sulfuric acid, nitric acid, acetic acid and bromic acid. The amount of the acidic substance varies depending 
upon the particular amount of the basic compound, that is, can be appropriately chosen so that the mixed liquid of (A) 
and (B) has a pH value of larger than 7.0. 

[0065] The temperatures of the solution (A), the slurry (B) and the mixed liquid of (A) with (B) are not particularly 
limited. The preparation of these liquids is usually carried out at room temperature, but, it can be carried out at a higher 
temperature, more specifically in the ranged about 30°C to about 60°C. The time for which the catalytically active- 



EP 1 454 924 A1 

ingredient is contacted with the basic compound is also not particularly limited, but is usually in the range of 1 1 C > minutes 
to 10 hours. This contact time can be appropriately chosen depending upon the liquid temperature at the t.me of 
treatment, the kind of carrier, and the amount of platinum group metal or its compound 

[0066] The procedure for recovering and drying the thus-prepared supported catalyst « ^.P^" 1 ^^^ 
a conventional procedure can be adopted. For example, a procedure wherein a solid content is filtered and then , dried 
under a reduced pressure, and a procedure wherein the as-prepared supported catalyst-containing liquid is heated 
as it to dryness. The thus-obtained supported catalyst exhibits a high catalytic activity for the hydrogenation of 

conjugated diene polymer even when the catalyst is used without a reduction treatment. 

[00611 The hydrogenation catalyst system used in the second hydrogenation process further includes a non-sup- 
porS catalyst namefy, homogeneous catalyst as another embodiment thereof. The catalytically active ingredient used 
i ^thTnon^supported catalyst is not particular* limited provided that the catalytically active ingredient is soluble m a 
^ZL£m**an liquid, but, acidic metal compounds, especially acidic palladium compounds |" P^"** 
used. As specific examples of the acidic palladium compounds, there can be mentioned palladium salts o f carboxyl c 
acids such as formic acid, acetic acid, propionic acid, lauric acid, succinic acid, stearic aad. oleic acd, P^*» 
and benzoic acid- halides of palladium compounds such as palladium chloride, d.chloro(cyclooctad.ene)-pallad.um. 
dichloro(norbornadiene)palladium, dichlorobis-(triphenylphosphine)palladium, sodium tetrachloropalladate and am- 
monium hexachloropalladate; palladium bromide; palladium iodide; and inoroganic palladium compounds and complex 
salts such as palladium nitrate, palladium sulfate and potassium tetracyanopalladate. 

[0068] Of these acidic palladium compounds, palladium salts of carboxylic acids, palladium nitrate paHad'um sulfate 
palladium chloride, sodium tetrachloropalladate and ammonium hexachloropalladate are preferable. Palladium salts 
of carboxylic acids, palladium nitrate and palladium chloride are especially preferable. nranartiri 
[00691 The acidic palladium compounds can be chosen from commercially available compounds or can be prepared 
bv the conventional procedure. The acidic palladium compounds can be used either as they are or as a solution in a 
solvent such as water. In the case when the acidic palladium compounds are used as an aqueous solution an morgan* 
acid such as nitric acid, sulfuric acid, hydrochloric acid or bromic acid; a sodium salt or a potass.um salt of these acids; 
or an organic acid such as acetic acid is preferably incorporated in the aqueous solution to enhance solubility of the 

acidic palladium compounds. m „ _,. 4 . _«n« 

[00701 Among the aqueous solutions of acidic palladium compounds, aqueous solutions of P allad,um nitrate paHa- 
dium chloride, palladium sulfate, palladium acetate, sodium tetrachloropalladate and potassium 
are preferably used. An aqueous solution of palladium nitrate or palladium chloride, combined with sod.um chlor.de. 

potassium chloride or hydrochloric acid, is especially preferable. 

[00711 The basic compounds used in combination with the catalytically active mgred.ent can be chosen from those 
which are mentioned above. Sodium hydroxide and potassium hydroxide are especially preferable The amount of 
basic compound is usua.lv in the range of 0.3 to 1 0 molar equivalents, preferabty 0.5 to 5 molar «™*^P£^ 
equivalent of palladium element. However, in the case when an aqueous solution of an ac,d,c pallad ™ nd 
cLbinedwith^n acid, is used, the amount of basiccompoundis in therangeof0.3to10mo^ 
0.5 to 5 molar equivalents, per molar equivalent of the sum of platinum group metal and the acid. The basic compound 
is oreferablv used in an aqueous solution form. 

[00721 The non-supported catalyst is prepared by mixing an aqueous acidic solution of the above-menfoned platinum 
group metal compound with a basic compound. More specifically, a basic compound is incorporated '^solution of a 
conjugated diene polymer to be hydrogenated. or in a latex of said polymer, and then an aqueous ac.d.c sotAon of 
the platinum group metal compound is added to the polymer solution or latex whereby a hydrogenation catalyst is 
prepared in a hydrogenation reaction system. The non-supported catalyst is especially suitable for the case where a 
conjugated diene polymer latex is hydrogenated as it is. 

[00731 When the non-supported catalyst is prepared, a co^id protective agent ,s preferably used to keep thes ab hty 
of an aqueous acidic solution of the platinum group metai compound. As specific examples of the collo d protective 
agent there can be mentioned polyvinyl pyrrolidone, polyvinyl alcohol, polyvinyl acetal. poly(sod.um acrylate), gelatin 
and albumin. Of these, polyvinyl pyrrolidone, polyvinyl alcohol and poly(sodium acrylate) are preferable. 

(Third Hydrogenation Process) 

ro0741 Inthethird hydrogenation process, the hydrogenation of a conjugated diene polymer is carried out in a reaction 
system prepared by incorporating a catalyst comprising a platinum group metal or its compound in a solution of a 
composition comprising the conjugated diene polymer and a basic compound. 

r0075] The composition comprising the conjugated diene polymer and a basic compound preferably includes a basic 
compound-containing conjugated diene polymer composition exhibiting a P H value exceeding 7 ^measured on a 
solution of the composttion in tetarhydrofuran (hereinafter abbreviated to »THP when appropnate). The pH Rvalue « 
preferabVintherange of 7.2to12. more preferably 7.5 to 11.5 and most preferably 8 to 11. If the pH value is not larger 
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than 7, the rate of reaction is low and the benefit obtained by the incorporation of basic compound is poor even when 
a large amount of hydrogenation catalyst is used. 

[0076] By the phrase "pH value as measured on a solution of the composition in tetarhydrofuran" as used herein, 
we mean a pH value which is measured by a method wherein 6 g of the basic compound-containing conjugated diene 
polymer composition is dissolved in 100 g of THF; while the thus-prepared polymer solution is stirred, 2 ml of distilled 
water is added to the polymer solution; and, when 2 minutes elapses, the measurement of pH is conducted by a pH 
measuring apparatus. 

[0077] The procedure for preparing the basic compound-containing conjugated diene polymer composition is not 
particularly limited, and includes, for example, a procedure wherein a step of contacting a conjugated diene polymer 
with an aqueous basic compound solution (hereinafter referred to as "aqueous basic solution" when appropriate) is 
provided at an appropriate stage after a step of polymerization. Preferably the base compound-containing conjugated 
diene polymer composition is prepared by a procedure wherein a crumb obtained by coagulating a conjugated diene 
polymer as produced in a polymerization step is contacted with an aqueous solution of the basic compound. By this 
procedure, the basic compound-containing conjugated diene polymer can be obtained easily and with high reliability. 
[0078] The polymer as produced in the polymerization step is usually in the state of latex, and a crumb thereof can 
be obtained by coagulating the polymer latex by the conventional procedure. The coagulation procedure includes, for 
example, a continuous procedure wherein the polymer latex or a coagulating agent is continuously or intermittently 
introduced into a coagulating vessel, and the coagulated polymer slurry (i.e., a mixture of crumb with serum water) is 
continuously or intermittently withdrawn from the vessel; and a batch-wise procedure wherein the polymer latex and 
a coagulating agent are stirred for a certain period of time in a coagulating vessel, and then the coagulated polymer 
slurry is withdrawn. 



[0079] The coagulating agent can be selected from those which are conventionally used and include, for example, 
inorganic acids such as hydrochloric acid and sulfuric acid; organic acids such as acetic acid and formic acid; and 
metal salts of an organic acid and metal salts of an inorganic acid. As specific examples of the metal salts, there can 
be mentioned sodium chloride, potassium chloride : aluminum chloride, aluminum sulfate and magnesium sulfate. Of 
these, aluminum sulfate, magnesium sulfate and calcium chloride are preferable. These metal salts are usually used 
in as an aqueous solution form. As a coagulating aid, a water-soluble high molecular weight compound such as poly- 
ethylene oxide or polyvinyl alcohol can be used. 

[0080] Two or more coagulating vessels arranged in series can be used, if needed. The type or shape of the coag- 
ulating vessel is not particularly limited, and, for example, a closed type vessel and an open type vessel can be adopted. 
The concentration of crumb in the coagulating vessel is preferably in the range of 3 to 60% by weight, more preferably 
5 to 50% by weight and especially preferably 6 to 40% by weight. 

[0081] To contact the crumb with the aqueous basic solution with an enhanced efficiency, crumbs with a small size 
and a high porosity are desired. Particle diameter (maximum diameter) of crumb is preferably not larger than 5 mm 
and more preferably not larger than 3 mm. The particle diameter of crumb can be controlled by appropriately choosing 
the kind and amount of coagulating agent, and coagulation temperature and other coagulation conditions. The amount 
of coagulating agent is usually in the range of 1 to 1 00% by weight, preferably 2 to 50% by weight, based on the polymer 
as produced in the polymerization step. The coagulation temperature is usually in the range of 5°C to 80°C, preferably 
10°C to 60°C. 



^ 40 [0082] A slurry containing the crumb as produced by coagulation is fed into a vessel for contacting the crumb with 
^ an aqueous basic solution (which vessel is hereinafter referred to as "base treatment vessel"). To prevent or minimize 

dilution or neutralization of the aqueous basic solution with the serum water contained in the crumb-containing slurry, 
it is preferable that the crumb slurry is partially dehydrated during transportation of the crumb slurry so that part of the 
serum water is removed. One or more washing vessels for washing the crumb with water may be provided between 
45 the coagulation vessel and the base treatment vessel. After the precipitation of crumb in the coagulation vessel, a 
basic compound or a solution thereof in an amount sufficient for rendering the crumb-containing slurry basic can be 
incorporated in the coagulation column. In this case, the coagulation vessel also is a base treatment vessel. 
[0083] The aqueous basic solution to be contacted with the crumb usually has a pH value in the range of 8 to 13.5, 
preferably 9 to 1 3 and more preferably 1 0 to 1 2.5. To prevent the change of the pH of the aqueous basic solution due 
so to the crumb-containing slurry flowing out from the coagulation vessel and the optional water-washing vessels, it is 
preferable that the pH value of liquid within the base treatment vessel is monitored, and an aqueous basic solution can 
appropriately be supplemented from an aqueous basic solution reservoir into the base treatment vessel. 
[0084] The contact of the crumb with the aqueous basic solution may be carried out either in a batch-wise or con- 
tinuous manner, which can be selected depending upon the particular rate of treatment or other factors, in the case 
55 when the contact is carried out in a continuous manner, the contact time as expressed by the average residence time, 
which is calculated by dividing the volume of liquid in the base treatment vessel by the flow rate of slurry per unit time 
flowing into the base treatment vessel, is usually in the range of 5 minutes to 10 hours, preferably 10 minutes to 5 
hours. To avoid short-circuit of the slurry flowing Jn the base treatment vessel, the.base treatment vessel is preferably- 
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equipped with a stirring apparatus. The contact temperature, i.e., the temperature of aqueous basic solution at the 
time of contact, is usually the range of 10°C to 80°C, preferably 20°C to 70°C. 

[0085] The aqueous bas. solution is prepared by dissolving known inorganic or organic basic compounds in water. 
The basic compounds include those which are recited above. The aqueous basic solution is preferably selected from 
aqueous solutions of inorganic basic compounds such as alkali metal compounds and alkaline earth metal compounds. 
The basic compounds may be used either alone or as a combination of at least two thereof. The concentration of basic 
compound in the aqueous basic solution is usually in the range of 0.5 to 1 0% by weight, preferably 1 to 5% by weight. 
[0086] After the contact of the crumb with the aqueous basic solution, the crumb is passed through a water-washing 
vessel optionally provided downstream from the base treatment vessel, and then dehydrated and recovered. Thereafter 
the crumb is further dehydrated, for example, by a centrifugal dehydrator or a squeezer, and then dried, for example, 
by a band dryer, an air stream dryer or an extrusion dryer. 

[0087] The platinum group metal or its compound, which is used for catalytic hydrogenation of the basic compound- 
containing conjugated diene polymer prepared as mentioned above, is as described above. The kind and amount of 
carrier, and the procedure for allowing the catalyst on the carrier are as described above. 

[0088] In the third hydrogenation procedure, the polymer is hydrogenated in a state of solution. The solvent used for 
the preparation of the solution, and the concentration of polymer in the solution are as described above with respect 
to the dissolution of the polymer. 



(Hydrogenation Reaction Conditions) 

[0089] The temperature for hydrogenation reaction adopted in the above-mentioned three hydrogenation processes 
is usually in the range of 0°C to 200°C, preferably 5°C to 150°C and more preferably 10°C to 100°C. If the reaction 
temperature is too high, side reactions such as hydrogenation of a nitrile group tend to occur and a reaction solvent is 
undesirably hydrogenated. In contrast, if the reaction temperature is too low, the rate of reaction is reduced to a prac- 
tically unacceptable extent. 

[0090] The pressure of hydrogen is usually in the range of from the atmospheric pressure to 20 MPa, preferably from 
the atmospheric pressure to 1 5 M Pa and more preferably from the atmospheric pressure to 10 MPa. The reaction time 
is not particularly limited, but is usually in the range of 30 minutes to 50 hours. 

[0091] After completion of the hydrogenation reaction, the catalyst is usually removed for recovery from a reaction 
mixture by conventional catalyst-removing procedures such as filtration, adsorption separation and centrifugal sepa- 
ration. The recovered catalyst can be reused for hydrogenation as it is or, if desired, after a regeneration treatment. 
Occasionally the catalyst may remain in the hydrogenated polymer without separation. 

[0092] The method for separating the hydrogenated polymer from the hydrogenation reaction mixture is not partic- 
ularly limited and conventional industrial methods can be adopted. For example, there can be adopted a steam coag- 
ulation method wherein the reaction mixture is directly contacted with steam; a method wherein the reaction mixture 
is dropped onto a heated rotary drum to evaporate the solvent from the reaction mixture; a direct drying method wherein 
the reaction mixture is heated under a reduced pressure to evaporate the solvent; and a method wherein a poor solvent 
is added to the reaction mixture to precipitate the hydrogenated polymer. The thus-separated hydrogenated polymer 
is dried, for example, by hot air drying, vacuum drying or extrusion drying whereby a solid hydrogenated polymer is 
recovered . 

[0093] The degree of hydrogenation of polymer, namely, the ratio of the amount of the hydrogenated carbon-carbon 
double bonds in the hydrogenated polymer to the amount of carbon-carbon double bonds in the starting polymer, can 
be appropriately controlled in the range of 1 to 100% by adequately choosing the reaction conditions. The degree of 
hydrogenation as expressed by the iodine value is preferably not larger than 120. 



(Examples) 

[0094] The invention will now be described more specifically by the following examples and comparative examples 
that by no means limit the scope of the invention. Parts and percents in these examples are by weight unless otherwise 
specified. 

Example 1 (Preparation of supported catalyst using basic compound [NaOH]) 

[0095] 1 00 ml of an aqueous palladium nitrate solution having a palladium concentration of 1 0% was prepared using 
palladium nitrate available fromNE-Chemcat Co. and distilled water. While the pH value of the aqueous palladium 
nitrate solution was monitored by a pH measuring apparatus, solid sodium hydroxide was added to adjust the pH value 
of the solution to 12. One liter of a slurry of carrier (magnesium silicate; available from Tomita Chem. Co.) containing 
1 00 g of the carrier was prepared 20 ml of the above-mentioned basic solution was mixed with one liter of the carrier 



10 



EP 1 454 924 A1 



slurry. The resultant slurry had a pH value of 1 2. The slurry was stirred for 30 minutes, and then the solid content was 
filtered off and thoroughly washed with distilled water. The thus-recovered solid was vacuum-dried at 60°C for 2 hours 
to give a supported catalyst. The amount of supported palladium as measured by atomic-absorption spectroscopy was 
2%. 

[0096] The supported catalyst was used for hydrogenation as it was without reducing treatment (as described in 
Example 3, below). 

Comparative Example 1 (Preparation of supported catalyst under acidic conditions) 

[0097] 100 ml of an aqueous palladium nitrate solution was prepared in the same manner as in Example 1 . Nitric 
acid was added instead of solid sodium hydroxide to the aqueous palladium solution to adjust the pH value to an acidic 
region. 20 ml of the aqueous palladium nitrate solution having a pH value adjusted to 1 by the addition of nitric acid 
was mixed with one liter of the same carrier slurry as used in Example 1 . The mixed slurry had a pH value of 3. While 
the slurry was stirred, the slurry was heated to dryness to give a supported catalyst. The amount of supported palladium 
was 2%, 

[0098] The supported catalyst was used for hydrogenation as it was without reducing treatment (as described in 
Comparative Example 3, and Examples 11-13, below). 

Example 2 (Preparation of supported catalyst using basic compound [magnesium silicate carrier]) 

[0099] 1 00 ml of an aqueous palladium chloride solution having a palladium concentration of 2% was prepared using 
palladium chloride available from NE-Chemcat Co. and distilled water. When this solution was prepared, 20 g of sodium 
chloride was added to promote the dissolution of palladium chloride. The palladium chloride was completely dissolved. 
The aqueous palladium chloride solution had a pH value of 3. One liter of a slurry of carrier (magnesium silicate) 
containing 1 00 g of the carrier was prepared in the same manner as in Example 1 . The whole amount of the aqueous 
palladium chloride solution was mixed with one liter of the carrier slurry. The resultant slurry had a pH value of 8. The 
slurry was stirred for 30 minutes, and then the solid content was separated and dried in the same manner as in Example 
1 to give a supported catalyst. The amount of supported palladium was 2%. 

[0100] The supported catalyst was used for hydrogenation as it was without reducing treatment (as described in 
Example 4, below). 

Comparative Example 2 (Preparation of supported catalyst under acidic conditions) 

[0101] 1 00 ml of an aqueous palladium chloride solution having a palladium concentration of 2% was prepared using 
palladium chloride available from NE-Chemcat Co. and distilled water. When this solution was prepared, hydrochloric 
acid was added to the aqueous palladium chloride solution to completely dissolve the palladium chloride. The aqueous 
palladium chloride solution had a pH value of 0. One liter of a slurry of carrier (magnesium silicate) containing 100 g 
of the carrier was prepared in the same manner as in Example 1 . The whole amount of the aqueous palladium chloride 
solution was mixed with one liter of the carrier slurry. The resultant slurry had a pH value of 4. The slurry was stirred 
for 30 minutes, and then the solid content was separated and dried in the same manner as in Example 1 to give a 
supported catalyst. The amount of supported palladium was 2%. 

[0102] The supported catalyst was used for hydrogenation as it was without reducing treatment (as described in 
Comparative Example 4, below). 

Reference Example 1 (Production of conjugated dlene polymer a) 

[0103] An autoclave was charged with 180 parts of ion-exchanged water, 37 parts of acrylonitrile and 0.5 part of t- 
dodecylmercaptan in this turn. The inside atmosphere of the autoclave was replaced with nitrogen and then 63 parts 
of butadiene was introduced. The autoclave was cooled to 5°C, and 0.1 part of cumene hydroperoxide (polymerization 
catalyst) and 0.01 part of ferrous sulfate were added. Then the autoclave was rotated for 16 hours to thoroughly stir 
the content while the autoclave was maintained at 5°C. Then an aqueous hydroquinone solution having a concentration 
of 10% was added into the autoclave to stop the polymerization. A polymerization liquid was taken and concentrated 
under a reduced pressure by a rotary evaporator to give a butadiene-acrylonitrile copolymer a. 

Examples 3, 4, Comparative Examples 3, 4 (Hydrogenation of conjugated diene polymer) 

[0104] The polymer produced in Reference Example 1 was dissolved in acetone to prepare a polymer solution having 
a concentration of 15%. An autoclave was charged with 60 parts of the polymer solution, and then. 0.45 part of a 
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hydrogenation catalyst was added. The inside atmosphere in the autoclave was 

^hydrogenation catalysts used and the percentage hydrogenation of polymer as measured by proton NMR are 
shown in Table 1 . 

Table 1 





Hydrogenation catalysts 


Percentage hydrogenation 


Example 3 
Comp. Ex. 3 
Example 4 
Comp. Ex. 4 


Prepared in Ex. 1 
Prepared in Comp. Ex. 1 
Prepared in Ex. 2 
Prepared in Comp. Ex. 2 


95 % 
15% 
98% 
5% 



mi n« Ac from Table 1 catalysts prepared using a combination of a palladium compound with a basic compound 
conducted in the catalyst prepanng step (Examples 3,4). A catalyst preparea uiw ExamDle 4 maq- 

ZSS^Z^X^ acid (PH = 4, and ,nere.o,e. « is presumed «. magnesiun, siilcate was changed ,o 
magnesium chloride. 

Examples 5-10 (Preparation of supported palladium catalysts using basic carriers, and hydrogenation of conjugated 
diene polymers) 

r0106. 100 ml of an aqueous palladium chloride solution having a palladium concentration of 2 .5% jas prepared 
[uiubj luu mi oi di m k rhemcat Co and distilled water. When this solution was prepared, 20 g 

enlarge than 7.5. Each slurry was stirred for 30 minutes, and then the solid content was separated and dned to grve 

E J^XZStm in Examples 3 and 4. The percentage hydrogenation of polymer as measured by proton 
NMR is shown in Table 2. 

mmnarath/e Examples 5, 6 (Preparation of supported palladium catalysts using acidic carriers, and hydrogenation of 
conjugated diene polymers) 

101081 1 00 ml of an aqueous palladium chloride solution having a palladium concentration of 2.5% was prepared 
Ls no oallalm chloride available from NE-Chemcat Co. and distilled water. When this so.ut.on was prepared hydro- 
chlo'c add r s added to the aqueous pal.adium chloride solution to completely dissolve the palladium chM-Tte 
chloric acic i was aa h p containing 1 00 g of the earner was prepared using 

a ZtT£ S kids of l£L Zril^ntoTMe 2. The whole amount of the aqueous pallium chloride solution 
wTsmte^^^^ 

as in Examples 3 and 4. The percentage hydrogenation of polymer as measured by proton NMR ,s shown ,n Table 2. 

Table 2 





Kinds of carriers used 


Percentage hydrogenation 


Example 5 


Magnesium hydroxide *1 


94% 



*1 Supplied by Wako Pure Chemical Ind., Ltd. 
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Table 2 (continued) 





Kinds of carriers used 


Percentage hydrogenation 


example o 


Calcium hydroxide *1 


72 % 


Example 7 


Basic aluminum hydroxide *1 


63% 


Example 8 


Yttrium oxide # 1 


98% 


Example 9 


Calcium oxide *1 


90% 


Example 1 0 


Sodium aluminate *2 


94% 


Comp. Ex. 5 


Aluminum oxide *1 


0% 


Comp. Ex, 4 


Silicon oxide *3 


0% 



•1 Supplied by Wako Pure Chemical Ind., Lid. 
*2 Supplied by Tomrta Chem. Co. 
•3 Supplied by Fuji Sisiria Co. 



[0110] As seen from Table 2, catalysts comprising a palladium compound supported on a basic carrier exhibited a 
large percentage hydrogenation (Examples 5-1 0). In contrast, catalysts comprising a palladium compound supported 
on an acidic carrier exhibited small percentage hydrogenation (Comparative Examples 5, 6). 

Reference Example 2 (Purification of conjugated diene polymer) 

[0111] An acrylonitrile-butadiene copolymer prepared by the same procedures as described in Reference Example 
1 was dissolved in chloroform to give a polymer solution having a concentration of 2%. Concentrated hydrochloric acid 

25 in an amount equal to 1% of the polymer dissolved in the polymer solution was added to and thoroughly mixed with 
the polymer solution. A chloroform layer was taken and washed with distilled water until the washing reached a pH 
value of 7. Thereafter chloroform was distilled off under a reduced pressure, and the residue was dissolved in acetone 
to give a polymer solution in acetone with a concentration of 5%. The polymer solution was poured into distilled water 
in an amount of about three times in volume of the polymer solution to thereby precipitate the polymer. This re-precip- 

30 itation procedure was repeated until a very clear acetone solution was obtained. An acetone solution of the thus-purified 
polymer exhibited a pH value of 6.5. 

Examples 11-13 (Hydrogenation of conjugated diene polymer under basic conditions) 

35 [01 1 2] The polymer produced in Reference Example 2 was dissolved in acetone to prepare a polymer solution having 
a concentration of 15%. To 60 parts of the polymer solution, 0.5 part of an aqueous saturated solution of a basic 
compound was added, and the mixed liquid was stirred for 1 0 minutes. The pH value of the mixed liquid was measured. 
An autoclave was charged with the mixed liquid, and the supported catalyst prepared in Comparative Example 1 was 
added to the mixed liquid. The Inside atmosphere in the autoclave was replaced with nitrogen, and then hydrogenation 

C40 reaction was carried out at a hydrogen pressure of 5 MPa and a temperature of 50°C for 6 hours. The basic compounds 
used, the measured pH values and the percentage hydrogenation of polymers are shown in Table 3. 

Comparative Example 7 (Hydrogenation of conjugated diene polymer under basic conditions) 

45 [0113] Hydrogenation of polymer was carried out by the same procedures as described in Examples 11-13 except 
that the basic compound was not used. The measured pH value of a polymer solution and the percentage hydrogenation 
of polymer are shown in Table 3. 

Example 14 (Hydrogenation of conjugated diene polymer under basic conditions) 

so 

[0114] Palladium chloride was dissolved in an aqueous saturated sodium chloride solution. The resultant solution 
was heated to remove water by evaporation. Ethanol was added to the thus-obtained dry solid to extract sodium tet- 
rachloropalladate. Ethanol was distilled off under a reduced pressure from the solution to give sodium tetrachloropaila- 
date (non-supported catalyst). Using this non-supported catalyst in an amount of 0.1% as palladium metal based on 
55 the weight of polymer, hydrogenation of polymer was carried out by the same procedures as described in Example 1 1 . 
The basic compound used, the measured pH value and the percentage hydrogenation of polymer are shown in Table 3. 
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Comparative Example 8 (Hydrogenation of conjugated diene polymer under acidic conditions) 

[01 1 5] Hydrogenation of polymer was carried out by the same procedures as described in Example 14 except that 
the basic compound was not used. The measured pH value of a polymer solution and the percentage hydrogenat.on 
of polymer are shown in Table 3. 

Table 3 





Type of Catalyst 


Basic compound 


pH value 


Percentage hydrogenation 


Example 11 
Example 12 
Example 13 
Comp. Ex. 7 


Supported 
Supported 
Supported 
Supported 


Potassium hydroxide 
Sodium hydroxide 
Sodium carbonate 
Not used 


10.5 
9.0 
7.5 
6.5 


95% 
93% 
89% 
10% 


Example 14 
Comp. Ex. 8 


Non-supported 
Non-supported 


Sodium hydroxide 

Not used 



9.0 
6.5 


92% 
5% 



[0116] As seen from Table 3, when hydrogenation of a conjugated diene polymer was carried out under basic con- 
ditions both of a supported catalyst and a non-supported catalyst exhibited greatly enhanced catalytic activity (Exam- 
ples 1 5-21 ). In contrast, when a basic compound was not used, the catalytic activity was low (Comparative Examples 
7, 8). 

Examples 15-21 . Comparative Example 9 (Hydrogenation of emulsion-polymerized polymer latex) 

[01171 As conjugated diene polymer latex to be hydrogenated, a butadiene-acrylonitrile copolymer (NBR; bound 
acrylonitrile content: 37.5%) latex having an average particle diameter of 0.09 urn prepared by emusion polymerization 
usinq sodium dodecylbenzenesulfonate as an emulsifier was used. 

[0118] To palladium acetate (Pd/NBR ratio = 700 ppm), nitric acid in an amount of 5 times in molar equivalent of 
Palladium element was added to give 300 ml of an acidic palladium solution. To the aqueous acid.c palladium solution, 
polyvinyl pyrrolidone having a weight average molecular weight of 5,000 (colloid stabilizer) in an amount of 5 times in 
weight of palladium element was added. Further, a basic compound shown in Table4 was added to prepare an aqueous 

\0U9\ Th^toteTsblid content in the above-mentioned NBR latex was adjusted to 30%. One liter autoclave equipped 
with a stirrer was charged with 400 ml of the latex and the above-mentioned catalyst solution. The ins.de atmosphere 
in the autoclave was replaced with nitrogen, and then replaced with hydrogen twice. Thereafter hydrogenat.on reaction 
was carried out at a hydrogen pressure of 5 MPa and a temperature of 50°C for 6 hours. After completion of hydro- 
genation each reaction liquid was concentrated under a reduced pressure by a rotaiy evaporator to give a hydrogen- 
ated polymer. The percentage hydrogenation of polymer is shown in Table 4 (Examples 15-21). 
[01201 For comparison, the above-mentioned procedures were repeated wherein the above-mentioned aqueous 
acidic palladium solution was used without addition of a basic compound. The results are also shown in Table 4 (Com- 
parative Example 9). 

Table 4 





Basic compound (ratio of molar equivalent to sum of Pd + nitric acid 


Percentage hydrogenation 


Example 15 
Example 1 6 
Example 17 
Example 1 8 
Example 19 
Example 20 
Example 21 


KOH 

KOH 

KOH 

Mg(OH) 2 

NaOH 

NaHC0 3 

K 2 C0 3 


(1.1) 
(2.0) 
(5.0) 
(1.0) 
(1.5) 
(1.5) 
(1.5) 


93% 
95% 
94% 
76% 
95% 
85% 
80% 


Comp. Ex. 9 


Not used 


(0) 


38 % 



[01211 As seen from Table 4, in the case when an aqueous catalyst solution prepared by adding a predetermined 
amount of a basic compound to an aqueous acidic palladium solution was used as a hydrogenation catalyst, the catalytic 
activity was greatly enhanced. 
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Examples 22-24, Comparative Example 10 (Hydrogenation of emulsion-polymerized polymer latex) 



w 
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[0122] To palladium acetate (Pd/NBR ratio = 700 ppm), nitric acid in an amount of 5 times in molar equivalent of 
palladium element was added to give 300 ml of an acidic palladium solution. To the aqueous acidic palladium solution, 
polyvinyl pyrrolidone having a weight average molecular weight of 5,000 in an amount of 5 times in weight of palladium 
element was added to prepare an aqueous acidic palladium solution. As the conjugated diene polymer latex to be 
hydrogenated, the same NBR latex as used in Examples 1 5-21 was used. The total solid content of the NBR latex was 
adjusted to 30%. 

[0123] One liter autoclave equipped with a stirrer was charged with 400 ml of the latex and the basic compound 
shown in Table 5, and the content was stirred. The inside atmosphere in the autoclave was replaced with nitrogen, and 
then replaced with hydrogen twice. Thereafter hydrogenation reaction was carried out at a hydrogen pressure of 5 
MPa and a temperature of 50°C for 6 hours. After completion of hydrogenation, each reaction liquid was concentrated 
under a reduced pressure by a rotary evaporator to give a hydrogenated polymer. The percentage hydrogenation of 
polymer is shown in Table 5 (Examples 22-24). 

[0124] For comparison, the above-mentioned procedures were repeated wherein the above-mentioned aqueous 
acidic palladium solution was used as It was without addition of a basic compound to the polymer latex. The results 
are also shown in Table 5 (Comparative Example 10). 



Table 5 
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Basic compound (ratio of molar equivalent to sum of Pd + nitric acid 


Percentage hydrogenation 




Example 22 
Example 23 
Example 24 


KOH 
KOH 
KOH 


(1.1) 
(2.0) 
(5.0) 


83% 
85% 
87% 


25 


Comp. Ex. 10 


Not used 


(0) 


41 % 



30 



[0125] As seen from Table 5, in the case when a predetermined amount of a basic compound was added to a con- 
jugated diene polymer latex and then an aqueous acidic palladium solution was added to prepare a hydrogenation 
catalyst system in a hydrogenation reaction system, the catalytic activity was greatly enhanced. 

Reference Example 3 (Production of conjugated diene polymer b) 



c 



35 



40 



45 



SO 



[0126] An autoclave was charged with 180 parts of ion-exchanged water, 2 parts of potassium oleate, 37 parts of 
acrylonitrile and 0.5 part of t-dodecylmercaptan (molecular weight modifier) in this turn. The inside atmosphere of the 
autoclave was replaced with nitrogen, and then 63 parts of butadiene was introduced. The autoclave was cooled to 
5°C, and 0.1 part of p-menthane hydroperoxide (polymerization catalyst) and 0.05 part of ferrous sulfate were added. 
Then the autoclave was rotated for 1 6 hours to thoroughly stir the content while the autoclave was maintained at 5°C. 
Then an aqueous hydroquinone solution having a concentration of 10% was added into the autoclave to stop the 
polymerization. The polymerization conversion was 90%. 

[0127] Unreacted monomers were removed, and then, the reaction mixture was poured into an aqueous solution 
containing 3 parts of aluminum sulfate 7 hydrate with stirring to precipitate a polymer crumb. The polymer crumb was 
taken out and poured into 1,000 parts of an aqueous potassium hydroxide solution having a pH value of 11.5. The 
mixture was stirred at 40°C for 45 minutes whereby the polymer crumb was thoroughly contacted with the aqueous 
potassium hydroxide solution. The polymer crumb was taken and placed in 1 ,000 parts of water and the mixture was 
stirred for 10 minutes whereby the polymer crumb was washed with water. The polymer crumb was taken and dried 
for one day by a vacuum dryer. 

[0128] The thus-obtained polymer b (butadiene-acrylonitrile copolymer) had a pH value of 9.3 as measured on a 
solution in tetrahydrofuran (THF). The pH value of copolymer b solution in THF was measured as follows. 6 g of the 
copolymer was dissolved in 100 g of THF: and 2 ml of distilled water was added to the polymer solution in THF while 
the polymer solution was stirred; and, when two minutes elapsed, the pH value was measured at room temperature 
by a pH measuring apparatus. The pH values of copolymers c and d explained below were also measured by the same 
method. 



55 



Reference Example 4 (Production of conjugated diene polymer c) 

[01 29] A reaction mixture was obtained by the same procedures as described in Reference Example 3. The reaction 
mixture was poured into an aqueous solution containing 3 parts of aluminum sulfate 7 hydrate with stirring. An aqueous 
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potassium hydroxide solution was added to precipitate a polymer crumb while the pH value of the mixed liquid was 
maintained at 11 .5. The crumb was taken out and poured into 1 ,000 parts of water, and the mixture was stirred for 10 
minutes whereby the polymer crumb was washed with water. The polymer crumb was taken and dned for one day by 
a vacuum dryer. The thus-obtained polymer c exhibited a pH value of 9.0 as measured on a THF solution. 

Comparative Reference Example 1 (Production of conjugated diene polymer d) 

r01301 A polymer d was obtained by the same procedures as described in Reference Example 3 except that the 
contact treatment 0 r P olymer crumb with an aqueous potassium hydroxide solution was not conducted. The polymer 
d exhibited a pH value of 7.0 as measured on a THF solution. 

Example 25 (Production of hydrogenated polymer) 

r0131l The polymer b produced in Reference Example 3 was dissolved in acetone to prepare a polymer solution 
having a concentration"* 15%. An autoclave was charged with 60 parts of the polymer solution, and then 0.45 part o 
a hydrogenation catalyst (palladium catalyst supported on magnesium silicate; amount of palladium supported: 2/„) 
was added. The inside atmosphere in the autoclave was replaced with nitrogen, and then replaced with hydrogen 
twice Thereafter hydrogenation reaction was carried out at a hydrogen pressure of 5 MPa and a temperature of 50 c 
for 6 hours. After completion of the hydrogenation reaction, a reaction liquid was concentrated under a reduced pressure 
by a rotary evaporator to give a hydrogenated butadiene-acrylonitrile polymer. The percentage hydrogenation of pol- 
ymer as measured by proton NMR was 93.3%. 

Example 26 (Production of hydrogenated polymer) 

[0132] The procedures adopted in Example 25 were repeated to produce a hydrogenated butadiene-acrylonitrile 
copolymer wherein polymer c obtained in Comparative Reference Example 4 was used as a starting polymer with all 
other conditions remaining the same. The percentage hydrogenation of the hydrogenated polymer as measured by 
proton NMR was 91 .2%. 

Comparative Example 11 (Production of hydrogenated polymer) 

r0133] The procedures adopted in Example 25 were repeated to produce a hydrogenated butadiene-acrylonitrile 
copolymer wherein polymer d obtained in Comparative Reference Example 1 was used as a starting polymer with all 
other conditions remaining the same. The percentage hydrogenation of the hydrogenated polymer as measured by 

proton NMR was 70.8%. . „ - r- ■ h „„m 

r0134l As seen from Reference Examples 3 and 4, Examples 25 and 26, Comparative Reference Example 1 and 
Comparative Example 11, the efficiency of hydrogenation varied greatly depending upon whether the treatment of 
contacting a polymer crumb with a baste compound (i.e., an aqueous basic solution) was conducted or not conducted 
in the process for producing the starting polymer. Starting polymers b and c, which had a pH value of larger than 7 as 
measured on a THF solution, exhibited enhanced efficiency for hydrogenation reaction as compared wrth starting 
polymer d having a pH value of 7. 

Industrial Applicability 

rai35] In the case when catalytic hydrogenation of a conjugated diene polymer is carried out in the presence of a 
basic compound in accordance with the present invention, the hydrogenation of conjugated diene polymer can be 
effected effectively and industrially advantageously with the use of a relatively small amount of a platinum group metal 
catalyst 

[01361 The catalyst system of the present invention for hydrogenation of a conjugated diene polymer, which com- 
prises a combination of a platinum group metal or its compound with a basic compound, exhibits a high activity for 
hydrogenation as compared with the conventional hydrogenation catalysts. Especially the catalyst system for hydro- 
qenation comprising a combination of a platinum group metal compound of a non-reduced state with a basic compound 
is beneficial in that a complicated reducing treatment can be dispensed at the step of preparing the catalyst, and the 
catalyst system exhibits a high activity for hydrogenation. In the case when the conjugated diene polymer composition 
of the present invention, which comprises a basic compound and has a pH value of larger than 7 as measured on a 
solution in tetrahydrofuran, is used as a starting polymer, the hydrogenation reaction proceeds at a very high rate and 
the hydrogenated polymer can be produced with high efficiency. 

[0137J The hydrogenated conjugated diene polymer has good weather resistance, heat stability, cold resistance and 
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other properties, and can be used in a broad field of industrial application. 



Claims 

1. A process for hydrogenating a conjugated diene polymer characterized In that a conjugated diene polymer is 
hydrogenated in the presence of a catalyst comprising a platinum group metal or its compound, and a basic com- 
pound. 

2. The hydrogenation process according to claim 1 wherein the conjugated diene polymer is a copolymer comprising 
conjugated diene units and a,0-ethyienically unsaturated nitrile units. 

3. The hydrogenation process according to claim 1 wherein the conjugated diene polymer is hydrogenated in a state 
of solution in a solvent. 

4. The hydrogenation process according to claim 1 wherein the conjugated diene polymer is hydrogenated in a state 
of latex. 

5. The hydrogenation process according to any one of claims 1 to 4 wherein the conjugated diene polymer is hydro- 
genated in a reaction system prepared by incorporating the catalyst and the basic compound in a solution or latex 
of the conjugated diene polymer. 

6. The hydrogenation process according to any one of claims 1 to 3 wherein the conjugated diene polymer is hydro- 
genated in a reaction system prepared by incorporating the catalyst in a solution of a composition comprising the 
conjugated diene polymer and the basic compound, 

7. The hydrogenation process according to claim 6 wherein the composition comprising the conjugated diene polymer 
and the basic compound is prepared by contacting a crumb obtained by coagulating a conjugated diene polymer 
as produced in a polymerization step, with an aqueous solution of the basic compound. 

8. The hydrogenation process according to any one of claims 1 to 4 wherein the conjugated diene polymer is hydro- 
genated in a reaction system prepared by incorporating a catalyst system comprising a combination of the catalyst 
with the basic compound : in a solution or latex of the conjugated diene polymer. 

9. The hydrogenation process according to claim 8 wherein the catalyst comprises a compound of platinum group 
metal in a non-reduced state. 

10. The hydrogenation process according to claim 8 or 9 wherein the catalyst system comprises the catalyst and the 
basic compound, both of which are supported on a carrier. 

1 1 . The hydrogenation process according to claim 8 or 9 wherein the catalyst system comprises the catalyst supported 
on a carrier comprised of the basic compound. 

12. The hydrogenation process according to claim 8 or 9 wherein the catalyst is a non-supported catalyst. 

13. A catalyst system for hydrogenation of a conjugated diene polymer characterized by comprising a combination 
of a platinum group metal or its compound, with a basic compound. 

1 4. The hydrogenation catalyst system according to claim 1 3 wherein the catalyst comprises a compound of platinum 
group metal in a non-reduced state. 

15. The hydrogenation catalyst system according to claim 13 or 14 which comprises the catalyst and the basic com- 
pound, both of which are supported on a carrier. 

1 6. The hydrogenation catalyst system according to claim 1 3 or 1 4 which comprises the catalyst supported on a carrier 
comprised of the basic compound. 

17. The hydrogenation catalyst system according to claim 13 or 14 wherein the catalyst is a non-supported catalyst. 
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basic compound. 

20 The conjugated diene polymer composition according to claim 1 8 or 1 9 wherein the conjugated diene polymer is 
riSSSSnprt.lng conjugated diene units and a.p-ethy.enica.ly unsaturated nrtnle unrts. 
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